Pseudomonas aeruginosa clinical isolates exhibit invasive or cytotoxic phenotypes. Cytotoxic strains acquire some of the characteristics of invasive strains when a regulatory gene, exsA, that controls the expression of several extracellular proteins, is inactivated. exsA mutants are not cytotoxic and can be detected within epithelial cells by gentamicin survival assays. The purpose of this study was to determine whether epithelial cell invasion precedes and/or is essential for cytotoxicity. This was tested by measuring invasion (gentamicin survival) and cytotoxicity (trypan blue staining) of PA103 mutants deficient in specific exsA-regulated proteins and by testing the effect of drugs that inhibit invasion for their effect on cytotoxicity. A transposon mutant in the exsA-regulated extracellular factor exoU was neither cytotoxic nor invasive. Furthermore, several of the drugs that inhibited invasion did not prevent cytotoxicity. These results show that invasion and cytotoxicity are mutually exclusive events, inversely regulated by an exsA-encoded invasion inhibitor(s). Both involve host cell protein tyrosine kinase (PTK) activity, but they differ in that invasion requires Src family tyrosine kinases and calcium-calmodulin activity. PTK inhibitor drugs such as genistein may have therapeutic potential through their ability to block both invasive and cytotoxicity pathways via an action on the host cell.
In humans, Pseudomonas aeruginosa causes opportunistic infections of the respiratory tract, the cornea, burned skin, and other sites (30) . Recent work has shown two categories of P. aeruginosa clinical isolates; one type invades epithelial cells (8, 9) , and the other causes epithelial cell cytotoxicity after approximately 3 h of incubation with cells (1, 11) . Both types are virulent in animal models of respiratory and corneal infections (8, 13, 21, 26, 31) . Invasive and cytotoxic strains differ in the genes that are under the regulatory control of a transcriptional activator called ExsA, encoded by exsA. Several genes are coordinately regulated in this pathway. These include the gene encoding the 49-kDa form of exoenzyme S (exoS) only in invasive strains (13) and the gene for an approximately 70-kDa protein, ExoU (exoU) , that is present only in cytotoxic strains (6) . The gene encoding the 53-kDa form of exoenzyme S (exoT) is found in both invasive and cytotoxic strains (13) . ExoU was recently found to be necessary for cytotoxic activity toward MDCK cells (6) .
Cytotoxic strains of P. aeruginosa are inherently capable of invasion. Low levels of invasion are detectable by gentamicin survival assays early in the interaction with corneal or MDCK epithelial cells before cytotoxicity is initiated. If cytotoxicity is disabled by mutation of exsA, invasion can be detected at later time points with both these cell types (10, 13) . These observations suggest that invasion and cytotoxicity may be sequential events. In this model, cytotoxic bacteria would enter cells, but subsequent cell killing by the invaded bacteria would allow penetration of antibiotic into the cells, rendering gentamicin survival assays incapable of detecting the presence of intracellular bacteria. This would explain why there is an inverse correlation among clinical isolates between their ability to invade cells as measured by gentamicin assays and their cytotoxic capacity (11) .
Mammalian cell invasion and cytotoxicity by bacterial pathogens can involve the activation or inhibition of different signal transduction pathways in the host mammalian cells (2, 4) . Studies have shown that inhibitors of mammalian cell signal transduction can prevent cell invasion by some bacterial pathogens (17, 27, 32) . Inhibitors of bacterial invasion such as cytochalasin D have been used to show that, for Bordetella pertussis and Shigella flexneri, cytotoxicity can be prevented by inhibiting invasion (20, 23, 34) . Cytochalasin D and the protein tyrosine kinase inhibitor genistein block P. aeruginosa invasion of corneal epithelia (9) ; the effect of these inhibitors on P. aeruginosa-induced cytotoxicity has not been explored.
The aim of this study was to determine if invasion occurs as part of the mechanism by which cytotoxic P. aeruginosa strains kill epithelial cells. If invasion and cytotoxicity are indeed sequential events, then therapeutic approaches aimed at preventing invasion should also block cytotoxicity. Otherwise, different therapeutic strategies might be necessary to manage P. aeruginosa infection according to whether the infecting strain is invasive or cytotoxic.
Two approaches were used to determine the role of invasion in cytotoxicity: (i) a genetic approach, studying transposon mutants of cytotoxic strain PA103, and (ii) a biochemical approach, using mammalian cell signaling inhibitors.
MATERIALS AND METHODS
Bacterial strains and mutants. Three nonmucoid isolates of P. aeruginosa were tested (serogroup O11, strains 6206 and PA103, and serogroup O6, strain 6294). Strains 6206 and PA103 are cytotoxic for epithelial cells; strain 6294 invades cells without cytotoxicity (13) . In this study, various transposon mutants of PA103 were tested to study the relationship between cytotoxicity and invasion. These included (i) an exoT mutant, PA103 exoT::Tc (6); (ii) an exoU mutant, PA103 exoU::Tn5Tc (6); (iii) a double mutant, PA103 exoU::Tn5Tc exsA::⍀ (described below); (iv) PA103 exoU::Tn5Tc complemented with exoU in trans (pUCP exoU); or (v) PA103 exoU::Tn5Tc pUCP18, a vector control. Bacterial inocula were prepared from overnight cultures grown on Trypticase soy plates at 37°C (7) . Bacterial colonies were suspended in tissue culture medium at various concentrations determined by spectrophotometry (optical density at 650 nm) and confirmed by viable count.
Construction of an exoU exsA double mutation in the chromosome of strain PA103. To confirm that mutation of exoU in PA103 exoU::Tn5Tc had not affected invasion genes outside the loci regulated by ExsA, we constructed a strain in which exoU and exsA were sequentially inactivated. The starting strain was PA103 exoU::Tn5Tc. A suicide plasmid containing an exsA allele inactivated by the insertion of the ⍀ fragment (encoding streptomycin resistance) was transferred to PA103 exoU::Tn5Tc by conjugation as previously described (14) . The suicide plasmid also contains the counterselectable markers, sacBR, which allows resolution of plasmid and the wild-type exsA allele by selection for growth on medium containing 5% sucrose (14) . Sucrose-and streptomycin-resistant isolates were grown for exoenzyme S production, and the supernatants were screened for an exsA::⍀ phenotype (absence of ExoT, PopB, PopD, and PcrV) by evaluating the patterns of Coomassie blue-stained protein bands after sodium dodecyl sulfatepolyacrylamide gel electrophoresis (10% separating gel) of concentrated extracellular material (14, 33) . From 28 sucrose-and streptomycin-resistant isolates, 13 demonstrated an exsA::⍀ phenotype. Southern blot analysis was performed on chromosomal preparations from four isolates with an exsA::⍀ phenotype (data not shown). All four strains possessed an ⍀ insertion in exsA identical to that of the original strain isolated in previous studies using the same gene replacement strategy (14) . In addition, all four strains retained the tetracycline resistance marker of Tn5Tc in exoU. Two of these mutants were studied: PA103 exoU::Tn5Tc exsA::⍀(1) and PA103 exoU::Tn5Tc exsA::⍀ (2) .
Preparation of cell cultures. Immortalized rabbit corneal epithelial cells (24) were grown in 24-or 96-well tissue culture plates (Corning, New York, N.Y.) as previously described (11) . Cells were fed with modified SHEM (18) containing bovine pituitary extract (5 g/ml) in place of cholera toxin. Cells used in these experiments were grown 3 to 7 days after passaging. Results presented were obtained from cells grown between passages 4 and 16.
Inhibitors. The following inhibitors of mammalian cell signaling or cytoskeleton function were used in this study (stock concentrations are given in paren- Before exposure to bacteria, corneal cells were treated with inhibitor for 1 h (3.5 h for herbimycin A). Since most drug stock solutions contained DMSO, matching concentrations of DMSO were added to control samples without treatment drugs. In most experiments, the cells were incubated with bacteria in the continued presence of the drug for treated samples. In some experiments, as noted in the text, the drug was not added during the incubation of bacteria with the cells; the cells alone were pretreated with the indicated drug. In other experiments, only the bacteria were pretreated with drugs. Bacterial and cell viability in the presence of each drug was monitored in control samples that were included in every experiment. None of the drugs tested affected bacterial viability or growth (as assessed by standard counts of viable bacteria), nor did they affect corneal cell viability (as assessed by trypan blue staining).
Cytotoxicity assays. Trypan blue exclusion assays were used to measure the cytotoxic effects of P. aeruginosa strains on a rabbit corneal epithelial cell line (11) . Experiments were performed in MEM (minimal essential Eagle medium with Earle's salts and L-glutamine; Cellgro; Mediatech, Fisher Scientific) buffered with 1 M HEPES-NaOH (pH 7.6), 0.35 g of NaHCO 3 , and 6 g of bovine serum albumin (Sigma) per liter or in MEM without buffer for inhibitor experiments (pH 7.4, maintained by incubation in 5% CO 2 ). Briefly, bacteria were resuspended in prewarmed medium (37°C) to a concentration of 2 ϫ 10 6 CFU/ml (strain 6206) or 1 ϫ 10 7 CFU/ml (strain PA103 and mutants). For inhibitor experiments, corneal epithelial cells were washed once with medium (100 l), exposed to inhibitor or control solutions in medium (100 l), and then incubated with 100 l of bacterial suspension (2 ϫ 10 5 CFU) with or without inhibitors for 3 h (37°C, 5% CO 2 , pH 7.4). In experiments with PA103 and its mutants, cells were washed once with medium and exposed directly to bacterial suspensions (10 6 CFU) for 3 h. Bacterial suspensions were then removed from all samples, and cells were treated with 200 l of gentamicin solution (200 g/ml; Biowhittaker, Walkersville, Md.) for 1.5 h to kill extracellular bacteria. This was done to match the methods used for the invasion assays described below and to prevent progression of cytotoxicity beyond the 3-h incubation period. After one washing with MEM (200 l) to remove the gentamicin, 100 l of trypan blue solution (0.04% [wt/vol]) (Sigma) was added for 15 min to visualize dead or dying cells. Photographs were taken of the center of each well of cells with a 35-mm camera attached to an Olympus IX70 inverted microscope (10ϫ objective, 10ϫ ocular). At least three wells of cells were used for each strain in each experiment, and all experiments were repeated at least three times.
Trypan blue exclusion assays can be used either as a qualitative method of assessing cytotoxicity or as a semiquantitative method by scoring cytotoxicity with a grading scale ranging from 1 (no cytotoxicity) to 4 (massive cytotoxicity). In previous studies, the results obtained with the semiquantitative method have correlated closely with those from a chromium release quantitative method (11) . In this study, we made a quantitative determination of P. aeruginosa cytotoxicity using photographs of trypan blue-stained corneal epithelia. The photographs were divided into equal quadrants, and the numbers of dead cells per quadrant were counted. Quantification of cytotoxicity was performed when cytotoxicity was inhibited or when there was no change in cytotoxic activity. Some inhibitors increased the cytotoxic activity by bacteria. For these inhibitors quantification of dead cells proved to be difficult since there were often areas in which cells were completely destroyed; the data for these samples are shown as photographs.
Invasion assays. Gentamicin survival assays were used to quantify the extent of bacterial invasion of corneal epithelial cells. These assays were performed as previously described for assessing P. aeruginosa invasion of epithelial cells (9, 11, 13) , with minor modifications as described below.
(i) Invasion assay used for comparison of invasion by wild-type and mutant PA103. An inoculum of 2 ϫ 10 6 CFU in 200 l of MEM was used for each well of cells in 24-well tissue culture plates. Each well of cells was calculated to contain 10 6 epithelial cells; thus the multiplicity of infection was 2. Following a 3-h infection at 37°C, survivors of a 2-h treatment with 200 g of gentamicin/ml (Sigma) were enumerated by viable bacterial cell counts after the cells were washed with phosphate-buffered saline to remove the antibiotic and cell lysis with a 15-min treatment with 0.25% Triton X-100 (Sigma).
(ii) Invasion assay used to examine the effect of pharmacological inhibitors. An inoculum of 5 ϫ 10 4 CFU of strain 6294 suspended in 100 l of MEM was added to each well of cells grown in 96-well tissue culture plates. Each well was calculated to contain 2.5 ϫ 10 5 corneal epithelial cells (multiplicity of infection ϭ 0.2). The remainder of the assay was performed as described above for PA103. The use of inhibitors in these assays is as described above. At least six wells were used for each group tested and all experiments were repeated at least three times.
Statistics. The t test and analysis of variance (ANOVA) were used to analyze the data. P values of Ͻ0.05 were considered significant.
RESULTS
PA103 exoU::Tn5Tc is not cytotoxic to, and does not invade, corneal epithelia. PA103 exoU::Tn5Tc was not cytotoxic to corneal epithelia (Fig. 1) . When ExoU expression was restored by complementation, yielding PA103 exoU::Tn5Tc pUCPexoU, cytotoxicity to corneal cells was restored. The exoT mutant, PA103 exoT::Tc showed normal cytotoxicity that was approximately equivalent to that of the parental strain, PA103. These results showed that, as with MDCK cell cytotoxicity, corneal epithelial cell cytotoxicity by PA103 requires ExoU.
Corneal cell invasion by the various mutants was examined ( Fig. 2A) . The exoU mutant did not invade the epithelial cells. This was in direct contrast to the exsA mutant, which was capable of corneal epithelial cell invasion. The exoT mutant, which remained cytotoxic, remained noninvasive.
PA103 exoU::Tn5Tc exsA::⍀(1) and PA103 exoU::Tn5Tc exsA::⍀(2) invade corneal epithelia. Since PA103 exsA::⍀ invades corneal cells (13), PA103 should have the genes necessary for epithelial cell invasion elsewhere on the chromosome. These experiments also suggest that genes regulated by ExsA are not required for invasion. Since ExoU is regulated by ExsA (6, 14) , it follows that an exoU mutation should have no effect on invasion. To determine if the mutation of exoU had somehow affected invasion genes outside of the ExsA-regulated pathway, double mutants were constructed in which exsA was inactivated in an exoU mutant, PA103 exoU::Tn5Tc. Both double mutants tested (exoU exsA) acquired the ability to invade cells as effectively as PA103 exsA::⍀ (Fig. 2B) . In the same experiments, the exoU mutant (PA103 exoU::Tn5Tc) did not invade cells.
These results suggested that the exoU mutation in PA103 exoU::Tn5Tc had not affected the function of genes involved in invasion outside the ExsA-regulated pathway. The outcome of this experiment can be interpreted in two ways: ExsA is a positive regulator of genes that inhibit invasion; alternatively, ExsA may act as a negative regulator of invasion. Since exsA mutants of invasive strains do not show an enhanced ability to invade (13), we favor the former hypothesis, that ExsA is a positive regulator for gene products that inhibit invasion.
Identification of drugs that inhibit P. aeruginosa corneal cell invasion. If invasion and cytotoxicity were sequential events, then drugs that block invasion would also reduce cytotoxicity. A noncytotoxic strain, 6294, was used to screen for drugs that blocked invasion through an action on the host corneal epithelial cell. Cytochalasin D (an inhibitor of actin cytoskeleton function) and genistein (a protein tyrosine kinase [PTK] inhibitor) have been found to prevent P. aeruginosa 6294 invasion of primary cultures of rabbit corneal epithelial cells (9) . In the present study, the ability of cytochalasin D, genistein, and other inhibitors of mammalian cell signal transduction were tested using the immortalized corneal epithelial cell line. Genistein, cytochalasin D, and herbimycin A (an inhibitor of Src family PTK) all significantly reduced the amount of corneal cell invasion (P Ͻ 0.05, ANOVA) (Fig. 3A) . Tyrphostin A47, another PTK inhibitor, also inhibited invasion (P Ͻ 0.05, ANOVA) (Fig. 3B) . In contrast, neither staurosporine (an inhibitor of protein kinase A and C activity) nor wortmannin (an inhibitor of phosphatidylinositol-3 [PI-3] kinase) had any significant effect on P. aeruginosa invasion (P Ͼ 0.05, ANOVA) (Fig. 3B) .
Invasion was significantly reduced by both BAPTA-AM, which blocks increases in intracellular calcium, and higher concentrations of W-7, a calmodulin antagonist (P Ͻ 0.05, ANOVA) (Fig. 4) . BAPTA-AM reduced invasion in a dosedependent manner, while W-7 actually increased invasion at lower doses (50 M). The phospholipase C inhibitor (U-73122) and the negative control (U-73343) had no effect on invasion; negative results were also obtained with indomethacin, an inhibitor of cyclo-oxygenase and phospholipase A2 (data not shown).
Inhibitors block cell entry by invasive and cytotoxic strains. Cytotoxic strains demonstrate low levels of background epithelial cell invasion (residual invasion) (11) . Once inhibitors of invasion were screened by using a noncytotoxic strain, some of them were also tested for their effect on residual invasion by cytotoxic strains. Using an inoculum 10-fold larger than that for experiments with the invasive strain, residual invasion by the cytotoxic strain 6206 was reduced from 287 Ϯ 82 (no. of CFU recovered; mean Ϯ standard error) to 3 Ϯ 3 by cytochalasin D (99% inhibition), to 13 Ϯ 7 by genistein (95% inhibi- 
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P. AERUGINOSA CYTOTOXICITY AND INVASION ARE INDEPENDENTtion), and to 110 Ϯ 35 by herbimycin A (62% inhibition) (P Ͻ 0.05, ANOVA). All of these inhibitors also blocked cell entry by PA103 exsA::⍀ (data not shown). These data indicated that the corneal cell entry mechanisms of invasive and cytotoxic P. aeruginosa strains are similar. Effect of invasion inhibitors on P. aeruginosa cytotoxicity. Only some of the drugs that inhibited invasion blocked cytotoxicity. The PTK inhibitors genistein and tyrphostin A47 were found to reduce cytotoxicity ( Table 1 ). The Src-PTK inhibitor herbimycin A and the PI-3 kinase inhibitor wortmannin had no detectable effect on corneal cell susceptibility to bacterial killing (Table 1) . Although cytochalasin D blocked invasion, this drug made cells even more susceptible to cytotoxicity (Fig. 5 ). After treatment with this drug, susceptibility was increased to the point that the cell monolayer was destroyed, making it difficult to quantify the number of dead cells in some samples. However, Fig. 5 clearly illustrates that cytochalasin D caused a marked increase in the number of cells that were affected by bacterial cytotoxicity. Both BAPTA-AM and W-7 also blocked invasion, but they enhanced cytotoxicity (data not shown). Staurosporine and the phospholipase C inhibitor U-73122 had no effect on invasion or cytotoxicity.
The mechanism by which genistein inhibited cytotoxicity involved an effect on the host cell rather than on the bacteria, since cytotoxicity was inhibited when cells were pretreated with genistein for 1 h prior to exposure to bacteria (Table 1) .
Pretreating bacteria with genistein had no effect. Similar methods also showed that the enhancement of cytotoxicity by cytochalasin D was via an effect on the host cell (data not shown). 
DISCUSSION
The results of earlier studies suggested that P. aeruginosa cytotoxicity may be invasion dependent (11, 13) . The new findings presented here suggest that invasion and cytotoxicity are not sequential events. This conclusion is based on two observations: (i) that the mutation of a single gene in the ExsAregulated pathway (exoU) which caused a loss of cytotoxic capacity did not confer an invasive phenotype, and (ii) that some of the drugs that interfere with host cell signaling events involved in P. aeruginosa invasion did not block susceptibility to P. aeruginosa-mediated cytotoxicity. Indeed, some inhibitors of P. aeruginosa invasion, including cytochalasin D, enhanced susceptibility to P. aeruginosa cytotoxicity.
Mutation of exoU results in a noncytotoxic phenotype for MDCK cells, the absence of overt lung injury in an acute infection model, and, in this study, the loss of cytotoxicity for corneal epithelial cells. If invasion precedes and is required for cytotoxicity, exoU mutants might theoretically exhibit an invasive phenotype unless exoU is responsible for invasion. It is unlikely that ExoU is required for invasion since this protein is not expressed in isolates that are invasive because of an exsA mutation (6, 13). Furthermore, we have shown that the mutation in exoU does not impede invasion since exoU exsA double mutants are as invasive as exsA mutants. One model that fits these data proposes that ExsA regulates the expression of an invasion inhibitor(s). Coordinate regulation of cytotoxicity genes and invasion inhibitors would allow the observed inverse relationship between cytotoxic and invasive phenotypes (11) . As the ability to invade does not increase when an invasive strain possesses an exsA mutation, we do not believe that ExsA represses gene products that promote cellular entry.
Treatment of cells with drugs that inhibit invasion confirm that P. aeruginosa cytotoxicity does not depend upon invasion of the host cell. Cytochalasin D, BAPTA-AM, W-7, and herbimycin A all reduced the amount of invasion by both cytotoxic and invasive strains, but they did not reduce cell killing. This observation contrasts with the results of invasion-inhibiting drugs on the cytotoxic activity of other bacterial pathogens, such as S. flexneri and B. pertussis. Apoptosis of macrophages induced by these pathogens can be reduced or prevented by cytochalasin D (20, 34) . Noninvasive mutants of S. typhimurium do not kill macrophages (3, 23) , suggesting that Salmonella-induced cytotoxicity is invasion dependent.
P. aeruginosa cytotoxicity, rather than being a consequence of invasion, may be mediated from outside the host cell after inhibition of invasion. This observation is consistent with the recent finding that ExsA regulates a type III secretion system. Type III secretion requires contact between host cells and the bacterial pathogen and involves translocation of bacterial proteins across host plasma membranes (29) . The identity of a potential invasion inhibitor(s) in P. aeruginosa is not clear; however, ExsA regulates the expression of a family of extracellular proteins apart from ExoS, ExoT, and ExoU (6, 14, 33) . Since the genes for the type III secretion pathways encoded by P. aeruginosa and Yersinia spp. show a high level of amino acid homology, it is possible that P. aeruginosa encodes proteins with functions similar to those of Yersinia YopH and YopE. These virulence determinants inhibit epithelial cell entry through alterations in eukaryotic signal transduction pathways (tyrosine phosphatase activity) and disruption of actin microfilaments (15, 28) . Either genes for the invasion inhibitor(s) are not present in invasive strains or their production must be down-regulated, since the inactivation of exsA in invasive strains has little effect on invasion (13) . The results of this study suggest that P. aeruginosa invasion and cytotoxicity both involve PTK activity. There is a distinction, however, in the host cell signaling pathways activated by invasive and cytotoxic strains. Our results suggest that invasion, but not cytotoxicity, requires Src family PTK and calciumcalmodulin activity. Src family PTKs are nonreceptor PTKs that are involved in cell signaling. One role of these proteins is recognition of tyrosine-phosphorylated domains on cell surface receptors (e.g., growth factor receptors), with subsequent tyrosine phosphorylation of downstream signaling proteins. Src family PTKs, e.g., pp60Src, have also been shown to reversibly associate with the cell cytoskeleton. The interaction of Src family PTKs with the cytoskeleton is regulated in part by intracellular calcium since BAPTA-AM prevented the reversibility of this association (5) . The ability of Src-PTK and calciumcalmodulin inhibitors to reduce P. aeruginosa cell entry may be due to the effects of these drugs on Src-PTK-cytoskeleton interactions. PI-3 kinase (17) and phospholipase C-␥ (19) also function as host cell signaling molecules involved in the invasion or interaction of bacterial pathogens with host cells. In this study, however, inhibitors of these signaling proteins had no effect on P. aeruginosa invasion or cytotoxicity.
The mechanism by which the invasion inhibitors cytochalasin D, BAPTA-AM, and W-7 enhanced P. aeruginosa cytotoxicity is not clear; however, three potential mechanisms could be involved. These drugs may enhance cytotoxicity because they block invasion, provided that cytotoxicity requires contact with the outer surface of the host cell membrane. A second possibility is that these inhibitors affect cell function in an additive or synergistic manner with bacterial cytotoxic proteins. It has been shown that the Yersinia cytotoxin YopE disrupts the actin cytoskeleton as part of the mechanism by which it kills cells (28) . A third possible mechanism for the enhanced cytotoxicity with these agents may involve their effects on epithelial cell polarity. We previously showed that the basolateral cell surfaces of epithelial cells are more susceptible than the apical surface to P. aeruginosa cytotoxicity (12) , and all of the invasion inhibitors that enhanced cytotoxicity in this study can alter the polarity of epithelial cells (22, 25) .
In conclusion, this paper provides evidence that P. aeruginosa invasion and cytotoxicity are mutually exclusive events. Cytotoxic strains can be either invasive or cytotoxic depending upon the activity of ExsA, which appears to regulate an invasion inhibitor(s) in addition to genes involved in cytotoxicity. Invasive strains appear to lack the invasion inhibitor expression or function and not only genes involved in cytotoxicity. There is evidence for a role of the host cell in both invasion and cytotoxicity, since inhibitors of host cell signaling can alter these events. Both invasion and cytotoxicity involve PTK activity, but along distinct pathways.
Current forms of therapy for bacterial infections are aimed at inhibiting bacterial growth or survival, placing selective pressure on bacteria to become resistant. This has long been a particular problem for treatment of infections involving P. aeruginosa, which are often life or sight threatening. An alternative approach would be to protect the host from bacterial virulence factors such as epithelial cell invasion and cytotoxicity. For P. aeruginosa, therapeutic intervention would be best aimed at common pathways, such as those that are blocked by PTK inhibitors. Genistein, which is nontoxic, is found in soy foods, and has reversible activity (and which is currently being tested as a cancer chemotherapy drug) (16) , might be an ideal drug for such consideration.
